A technique for extradural deafferentation of the S2 to S5 segments and extradural implantation of stimulating electrodes is described, and its application to twelve patients with spinal cord lesions is reported. Nine patients use their implants for micturition, and seven are fully continent. The advantages and disadvantages of this technique compared with the more usual intrathecal procedure are discussed.
The first sacral anterior root stimulators for bladder control in spinal cord injury or disease were implanted in 1976 (1) , 1978 (2) and 1979 (4) . In these'2 and in the great majority of the 250 or more sacral anterior root stimulators implanted up to now, the electrodes have been placed intrathecally at about the level of the last intervertebral disc. Laminectomy of the first two pieces of sacrum and the fifth and fourth and sometimes the third lumbar vertebra is required.
In October 1982 Tanagho and Schmidt of San Francisco reported at a meeting that they had that year implanted three sacral anterior root stimulators with electrodes placed extradurally through a laminectomy of the sacrum only. Further implantations of the same kind have been done in San Francisco, but the publications34 give very little detail, either of technique or of results.* In September 1986 a patient from Bad Wildungen, FRG, was selected as needing a sacral anterior root stimulator implant and deafferentation of the bladder, but was unsuitable for the standard intrathecal operation because she had previously had oily myelography. The abundant remaining contrast medium that could be seen radiographically in the lumbosacral subarachnoid space made it nearly certain that she had severe arachnoiditis. We therefore decided to attempt ganglionectomy of the 2nd, 3rd and 4th sacral posterior roots with preservation of the anterior roots Instead of the electrode "books" of that implant, it has tripoles (a cathode between two anodes) of helical electrodes formed from the flamed ends of the three 90%/' platinum 10%,o iridium cable wires. The branched cable has its two tripoles in parallel, and is used for the right and left S2 roots. Of the two unbranched cables, one is usually used for the left S3 and S4, and the other for the right S3 and S4. In the first four implants, all the cables were unbranched and therefore certain roots (in each case roots which gave no bladder pressure on stimulation during the operation) were not provided with implanted electrodes. SURGICAL 
TECHNIQUE
The first three pieces of the sacrum are laminectomised. In all patients in this paper the laminectomy has also included the L5 vertebra. This upward extension of the laminectomy makes the deafferentation, implantation of electrodes, and safe siting of the cables easier, but it is not absolutely necessary.
The termination of the theca and the S2 to S5 segmental nerves are exposed, but are not at first separated from their anterior attachments. The ganglia of S2 to S4 are identified on both sides. It is usually unnecessary, as well as difficult, to identify the ganglion of S5. Deafferentation This is done at the ganglion and immediately cranial to it. It is best to begin with an S2 segmental nerve, because the deafferentation is easier than for S3 and S4, and the consequences of accidental damage to the anterior root usually less serious. A length of the S2 segmental nerve, extending from the lower boundary of the ganglion to about 4 The deafferentation is done similarly for all six ganglia. It is usually more difficult for S3 and still more difficult for S4. The S5 segmental nerves should be stimulated at 10 V, 350 ,us, 30 Hz to see whether they give bladder pressure. In our experience they give none, or far less than the other roots. If so they should be crushed to interrupt afferent fibres but allow any efferent fibres to the anal sphincter to regenerate. The functional but not anatomical interruption of afferent fibres is probably permanent.8 If the S5 segmental nerves give substantial bladder pressure, an attempt can be made to dissect their ganglia. Implantation of electrodes Attached to each tripolar electrode array close to the cathode is a strip of reinforced silicone rubber sheet 9 mm wide and about 36 mm long. One end of this is passed under the appropriate segmental nerve (S2) or nerves (S3 and S4 together). For this purpose it may be necessary to separate an additional length of the S3 or S4 nerve from its anterior attachments. The reinforced silicone rubber strip is then sewn to itself to trap the nerve or nerves. It should be just loose enough to allow a little sliding. The upper and lower anodes should be laid within a few millimetres of the nerve. It is not important whether or not they touch it.
When all the electrodes are in place, the cables are tunnelled through to the receiver site and the block of receivers implanted, as in the ordinary intrathecal operation.
Results
Further surgical procedures needed Patient 1 suffered a cerebrospinal fluid (CSF) leak, which required surgical repair.
Patient 11 still had reflex urinary incontinence after implantation of his extradural sacral anterior root stimulator, and his implantdriven micturition was unsatisfactory because of detrusor-sphincter dyssynergia. We therefore did a posterior rhizotomy of S2 to S5 at the Extradural implantation of sacral anterior root stimulators All the other patients had over-active reflex bladders, and patients 1, 4, 9 and 10 had deficient bladder compliance.
Post-operative cystometric examination showed areflexia and normal compliance in patients [1] [2] [3] [4] [5] [6] [7] and 11. Patient 9 still has a minor defect of compliance. Patient 12 still shows detrusor reflex activity post-operatively, but this is much less than before the operation.
Post-operative cystometry has not yet been done in patients 8 and 10. Damage to anterior roots In the established intrathecal procedure for implanting sacral anterior root stimulators, there is a risk of damaging some of the anterior roots. Such damage could be detected in 23 of the first 50 such patients. The frequency of damage has been lower among patients who have had the intrathecal operation more recently,'7 but it seems fair to compare the first 12 patients with extradural implantation with early cases of intrathecal implantation. Using the same criteria of diagnosis, some root damage was found in all 12 patients with extradural implantation. The probability of finding 23 out of 50 and 12 out of 12 in two random samples from the same population is less than 1 / (Chi-squared with Yates's correction), so the difference should be considered statistically significant.
Damage to some anterior roots need not make an implant unusable. The implants of all our patients except numbers 2, 10 and 12, were usable one week after the operation. In patients 1, 3 and 4 the residuals were large at first, and reached their present satisfactory low values only after some months, during which the responses of the bladder to stimulation through the implant slowly improved. Presumably this improvement depended on regeneration of the damaged fibres, as similar improvement has often been observed in patients with intrathecal sacral anterior root stimulators.' 2 6 Leakage of CSF Leakage of CSF should not occur after a strictly extradural procedure, and in patients 2-12 none occurred. However, in patient 1 the dura was opened. It was sutured, but a leak occurred later, and needed secondary surgical repair.
Discussion
Patients 1-7, 9 and 11 have clearly benefited from their operations, and they are pleased with the results. Patient 12 pre-operatively was constantly wet day and night. She now remains dry during the day by electro-micturition every [3] [4] hours, but is often wet at night. Future benefit is likely after a planned posterior rhizotomy S2 to S5 at the conus medullaris. Although patient 10 has not benefited to date, future improvement is likely.
The operation is thus a potentially successful one, which can be recommended for patients who are suitable for a sacral anterior root stimulator, but in whom the standard intrathecal procedure would be risky because of arachnoiditis or instability of the lumbar vertebral column.
Should the extradural procedure replace the intrathecal even for patients for whom there are no special risk factors for the intrathecal operation? We list below the factors relevant to this question. Length of the operation The time required to expose the ganglia extradurally is on average slightly less than that required to expose the roots intrathecally. The time required to separate the ganglia from the anterior root bundles is always greater, often substantially so, than that required to separate the anterior from the posterior roots intrathecally. The time required to close the wound is always less for the extradural procedure.
Taking these three differences together, the. total time is likely to be only slightly shorter for extradural than for intrathecal implantation, for a surgeon with similar experience of both procedures.
Risk of post-operative spinal deformity This must be lower for the extradural procedure. However, even for the intrathecal procedure, present evidence suggests that ifpatients under 18 years of age or with known instability or scoliosis are excluded, it is so small a risk as to be almost negligible. Risk of leakage of cerebrospinal fluid This must be lower for the extradural procedure, but may not be zero. A pouch of subarachnoid space often extends to within 10 mm of an S2 ganglion, and it may come so close that a thorough separation of the ganglion from the anterior root risks opening this pouch. Risk offailing to deafferent the S2-S5 segments completely Empirically, there is no evidence for a difference between the two procedures in this respect. In patients 11 and 12 of this series we failed to deafferent completely, and in patient 9 a slight incompleteness of deafferentation is suspected, but in the other nine patients it seems that we succeeded. This is about the same proportion of incomplete deafferentation as occurs in the intrathecal procedure.
Nevertheless, we think that the risk of incomplete deafferentation may prove to be greater with the extradural procedure. Intrathecally, there is normally no connective tissue binding the anterior and posterior root together except the arachnoid sheath that is of necessity divided when each root is separated from the next higher and next lower. The roots are freely mobile, and the length over which anterior and posterior roots can be separated is several When should one use the extradural procedure?
The clearest indication is in those few patients, invariably male, in whom it has already been decided that no deafferentation will be done. The extradural procedure is then quicker than the intrathecal, does less damage to bones and muscles, and carries a low risk of CSF leak.
Known arachnoiditis and known instability of the lumbar vertebral column are good indications for the extradural procedure, as is the failure of a sacral anterior root stimulator previously implanted intrathecally if this failure is due to a cable fracture occurring close to the vertebral column.
In other patients, our view is that the intrathecal procedure should be preferred. This view will be changed if future experience with extradural implantation proves to be very favourable.
